Objectives Epstein-Barr virus (EBV) is considered an important environmental factor in SLE aetiology, but the relationship between SLE and EBV in the Filipino population is unknown. We tested associations between SLE, lupusassociated autoantibodies and seropositivity for EBV and other herpes viruses in the Filipino population. Methods Sera from Filipino patients with SLE (n=233), unaffected first-degree relatives (FDRs, n=543) and unrelated controls (n=221) were tested for antibodies against EBV, cytomegalovirus (CMV) and herpes simplex viruses (HSV-1 and HSV-2) by standardised ELISAs. Humoral specificity against EBV nuclear antigen (EBNA)-1 was compared by solid-phase epitope mapping. Autoantibodies were detected by a bead-based multiplex assay. Results were analysed by Fisher's exact test, Student's t-test, χ 2 test and one-way analysis of variance, as appropriate for the question. Results Filipino patients with SLE had increased seroprevalence and elevated antibody concentrations against EBV viral capsid antigen (EBV-VCA), CMV, HSV-1 and HSV-2 compared with unrelated controls (p<0.05). Seropositivity for anti-EBV early antigen (EA), a marker of EBV reactivation, was dramatically increased in patients with SLE compared with unrelated controls (92.3% vs 40.4%; OR 17.15(95% CI 10.10, 30.66), p<0.0001) or unaffected FDRs (49.4%; OR 12.04(7.42, 20.74), p<0.0001), despite similar seroprevalence of EBV-VCA in patients and FDRs. In patients with SLE, EBV-EA seropositivity correlated with lupusassociated autoantibodies (p<0.001), most notably with autoantibodies against dsDNA, chromatin, Sm, SmRNP and RNP A (p<0.01). Patient and unrelated control sera reacted to the highly repetitive glycine and alanine domain of EBNA-1. An epitope spanning EBNA-1 410-420 was identified in sera of patients with SLE and showed limited binding by FDR and control sera. Conclusions Filipino patients with SLE have elevated prevalence and concentrations of antibodies against EBV, CMV, HSV-1 and HSV-2 antigens, along with altered anti-EBNA-1 specificities. EBV reactivation is more common among Filipino patients with SLE compared with healthy Filipinos and may contribute to SLE pathogenesis in this population.
IntroductIon
Although SLE, a prototypical multiorgan autoimmune disease, has been studied for more than a century, its complex aetiology is incompletely understood. Genetic risk 1 is strongly associated with SLE and likely interacts with environmental influences, such as infectious agents, to initiate overt clinical disease. 2 Consistent with the role of genetic factors in SLE, disease severity varies between racial groups, with African-American, Hispanic and Asian patients disproportionately affected by major organ involvement. 3 4 However, these populations are oftentimes under-represented in SLE research. In particular, little is known about the aetiology and pathogenesis of SLE among Filipinos, a racially diverse and heterogeneous population with Malay, Chinese, Indian and Spanish ancestries.
In the 1970s, a multiethnic survey study estimated that the prevalence of SLE among Filipino individuals in Hawaii, USA, was 19.9 per 100 000 individuals, compared with 5.8 per 100 000 in white individuals. 5 The increased disease burden in Filipinos may be partially due to genetic differences, since SLE risk alleles and haplotypes in the major histocompatibility complex (MHC) region are more common and have a greater effect size in the Filipino population. 6 In addition, anti-dsDNA, which is associated with renal disease, is more common among Filipino patients with SLE and their first-degree relatives (FDRs) compared with their counterparts in African-American cohorts. 7 As in other populations, antinuclear antibodies, anti-dsDNA, anti-Ro/SSA and antichromatin are more common in Filipino patients with SLE compared with FDRs and healthy controls, 7 but other lupus-associated autoantibodies have not been studied in the Filipino population. Endemic infections in the Philippines contribute to increased morbidity and early mortality among Filipino patients with SLE, [8] [9] [10] and infections may also influence SLE pathogenesis.
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Several viral pathogens have been associated with SLE in non-Filipino populations. 11 To date, the strongest of these associations is with Epstein-Barr virus (EBV), 12 13 a member of the herpes virus family that infects B cells and is linked to SLE through molecular mimicry, 14 15 bystander activation 16 and epitope spreading. 17 18 The initial active EBV infection is followed by a lifelong latent infection with potential for reactivation, thus providing opportunities for both acute and long-lasting effects on the immune system. 19 Latent EBV infection requires EBV nuclear antigen (EBNA)-1. 20 21 Several EBNA-1 epitopes, such as PPPGRRP and (GR) x , exhibit cross-reactivity with early autoantigens in SLE, such as Sm B′ (PPPGMRPP) and Sm D1 (GR) x , respectively. [22] [23] [24] Furthermore, several studies have shown an increased prevalence of antibodies against EBV early antigen (EBV-EA), a marker of EBV reactivation, [25] [26] [27] as well as increased EBV viral loads 28 in patients with SLE, suggesting that EBV reactivation may present a chronic immune stimulus that affects the disease course in SLE. A limited number of studies have implicated another herpes virus, cytomegalovirus (CMV), in SLE, 29 30 although the effects of CMV on SLE development and autoantibody production remain unclear. 31 Increased rates of EBV and CMV seropositivity have been described in patients with SLE compared with healthy controls, 12 32-34 but this has not previously been examined in the Filipino population. To better understand the role of herpes virus infections in SLE among the Filipino population, we compared the seroprevalence of EBV, CMV and herpes simplex viruses (HSV-1 and HSV-2) in Filipino patients with SLE, their unaffected FDRs and unrelated healthy Filipino controls. We also evaluated the effects of herpes virus seropositivity on American College of Rheumatology (ACR) classification criteria and autoantibody positivity in Filipino patients with SLE.
Methods

Participants
Experiments were performed in accordance with the Declaration of Helsinki and were approved by the Institutional Review Boards of the Oklahoma Medical Research Foundation, University of Santo Tomas Hospital and Cedars-Sinai Medical Center. Each study participant provided written informed consent.
Demographic information on all study participants and clinical characteristics of patients with SLE included in this study has previously been published. 7 Briefly, this study included a total of 233 Filipino patients with SLE who met at least 4 of the 11 ACR SLE classification criteria, 35 36 543 of these patients' unaffected FDRs (parents and siblings), and 221 unaffected, unrelated controls, matched by sex and age ±5 years. A thorough clinical interview and physical examination were performed for each of the enrolled subjects. FDRs with three ACR SLE classification criteria were excluded from the study. Control subjects with evidence of recent infection or with the presence of personal or a family history of systemic autoimmune rheumatic disease were also excluded from the study. All control subjects completed the Connective Tissue Disease Screening Questionnaire 37 at the time of enrolment. Healthy control individuals were recruited from Filipino medical and nursing students, medical staff and allied health personnel at the University of Santo Tomas Hospital. Demographic information, standardised clinical information and serum samples were collected at the time of enrolment. Sera were stored at −20°C until time of use.
Viral serology testing
Patients with SLE, unaffected FDRs and matched controls were tested for evidence of previous infection with EBV, CMV, HSV-1 and HSV-2 by standardised ELISAs for IgG responses to EBV viral capsid antigen (VCA), EBV-EA, CMV immediate early antigen, HSV-1 (strain F) and HSV-2 (strain G), following the manufacturer's instructions (Wampole, Cranbury, NJ). Results and analyses are presented as units of the international standardised ratio, a semiquantitative measure designed to detect seroconversion. 38 Standard solid-phase ELISAs were used to measure IgG responses against EBNA-1 in all subjects. Polystyrene microtitre 96-well plates were coated with 2 µg of antigen EBNA-1 (EBNA-1 mosaic; BiosPacific, Emeryville, CA), following our reported protocol. 23 Briefly, serum samples (at 1:100 and 1:1000 dilutions) were incubated at room temperature for 2 hours followed by incubation with an antihuman IgG secondary antibody conjugated to alkaline phosphatase (Jackson Immunoresearch Laboratories, West Grove, PA). All wells received 1 µg of 4-nitrophenyl phosphate disodium salt hexahydrate (Sigma, St. Louis, MO), and optical density (OD) 39 was measured at 410 nm. Plates were standardised across assays by normalising a known positive control to an OD of 1.0 at an absorbance of 410 nm.
Autoantibody detection
Serum samples were screened for autoantibody specificities using the BioPlex 2200 multiplex system (Bio-Rad Technologies, Hercules, CA). The BioPlex 2200 ANA kit uses fluorescently labelled magnetic beads for the simultaneous, semiquantitative detection of autoantibodies recognising dsDNA, chromatin, ribosomal P, 52 kD Ro/ SSA, 60 kD Ro/SSA, La/SSB, Sm, the Sm/RNP complex, RNP A, RNP 68, centromere B, Scl-70 and Jo-1. 40 Centromere B, Scl-70 and Jo-1, which are not specifically associated with SLE, were excluded from these analyses. Anti-dsDNA (IU/mL) has a previously determined positive cut-off of 10 IU/mL; an Antibody Index (AI) value (range 0-8) is reported by the manufacturer to reflect the fluorescence intensity of each of the other autoantibody specificities with a positive cut-off at AI=1.0. The AI scale is standardised relative to calibrators and control samples provided by the manufacturer.
ebnA-1 epitope mapping
All possible unique octapeptides of the EBNA-1 protein overlapping by seven amino acids were synthesised on Epidemiology and outcomes the ends of polyethylene solid-phase supports in 96-well microtitre plate format using f-moc side-chain protection chemistry (Chiron Mimotopes, Clayton, Victoria, Australia). 24 38 Antipeptide assays were conducted utilising a modified ELISA technique which we have previously described in detail. 41 42 Briefly, the peptides were blocked in 3% low-fat milk phosphate-buffered saline (PBS). The solid phase peptides were then washed in PBS with 0.05% Tween and incubated with a 1:100 dilution of patient or control sera, washed, and incubated with antihuman IgG conjugated to alkaline phosphatase (Jackson Immunoresearch Laboratories). A final wash was performed, followed by incubation in a p-nitrophenyl phosphate solution to induce a colour change reaction if antibodypeptide interaction was present. The colour change was measured using a micro-ELISA plate reader (DYNEX Technologies, Chantilly, VA) at 410 nm. Positive controls on the same plate were developed and normalised to an OD of 1.0 to standardise results across plates and assays.
The positive cut-off was defined as the mean plus 4 SD of the OD of EBV-VCA-negative, unrelated healthy controls. Moderate binding and strong binding were defined as two and three times the positive cut-off, respectively. An epitope was defined as a series of two or more consecutive peptides with average binding above the positive cut-off in any one group (patients with SLE, FDRs or controls).
statistical analysis
Frequency and percentage distribution of specific patient demographics and SLE ACR criteria were determined. The per cent of patients, FDRs and controls seropositive for antiviral antibodies or autoantibodies was compared by χ 2 test, or by two-sided Fisher's exact test for comparisons in which the assumptions of χ 2 test were not met. For comparisons of autoantibody seropositivity, p values were adjusted by the false discovery rate method. ORs with 95% CIs were calculated by the mid-p method. The Mann-Whitney U test (Wilcoxon rank-sum test) was used to determine differences in viral concentration between patients with SLE and control and FDR groups. IQR and median (M) values were reported within each group of patients with SLE, FDRs and controls. ACR criteria and total number of positive autoantibodies were compared by Kruskal-Wallis test. Statistical analyses were performed in Microsoft Excel or in R program. results demographic and clinical features of the study population Demographic information and clinical features of the study population have previously been published. 7 Briefly, of the 233 Filipino patients with SLE, 94% were female, with a mean age of 29±12 years (range 7-80 years of age). Patients in this study met an average of six ACR classification criteria (range, 4-10). The most common SLE ACR classification criteria observed included: malar rash (81.5%), immunologic criteria (80.7%), photosensitivity (78.4%) and arthritis (73.3%). 7 The FDRs of patients with SLE came from 224 families (19 multiplex, 205 simplex) and included 246 parents and 297 siblings. Sixty-two per cent of FDRs were female, with a mean age of 41±17 (range 5-102 years of age). 7 Of the 220 unrelated healthy controls, 69% were female, with a mean age of 27±7 years (range 14-69 years of age).
Filipino patients with sle have elevated seroprevalence of ebV, cMV, hsV-1 and hsV-2 compared with healthy unrelated controls and higher antiviral antibody concentrations compared with Fdrs or unrelated controls To assess rates of previous herpes virus infection in this Filipino cohort, we measured serum antibodies against EBV-VCA as an indicator of EBV infection, as well as antibodies against CMV, HSV-1 and HSV-2 antigens. Compared with FDRs, patients with SLE had similar rates of seropositivity for EBV-VCA, CMV and HSV-1 (p>0.05), while the rate of HSV-2 seropositivity was higher in patients with SLE (OR 2.17 (95% CI 1.52, 3.15), p<0.001) (figure 1). Compared with unrelated controls, patients with SLE had significantly higher seropositivity for anti-CMV (OR 4.76 (95% CI 2.57, 9.46), p<0.001), anti-HSV-1 (OR 7.04 (95% CI 4.45, 11.44), p<0.001) and anti-HSV-2 (OR 7.76 (95% CI 5.11, 11.95), p<0.001), as well as a slight but statistically significant increase in EBV-VCA seropositivity (OR 6.76 (95% CI 1.16, 173.0), p<0.05) (figure 1). These results suggest that Filipino patients with SLE and their FDRs have similar exposure to herpes viruses, and these individuals may have greater exposure to EBV, CMV, HSV-1 and HSV-2 than unrelated, healthy individuals in this Filipino cohort.
Next, we assessed the relative concentrations of antibodies against EBV-VCA, CMV, HSV-1 and HSV-2 among all individuals who were seropositive against these viruses. Patients with SLE had significantly higher concentrations of each antiviral antibody than unrelated controls or FDRs (figure 2), suggesting that the patients with SLE had an enhanced humoral response towards these viruses.
Filipino patients with sle who are seropositive for hsV-1 or hsV-2 have more lupus-associated autoantibodies
To investigate whether exposure to EBV, CMV, HSV-1 and HSV-2 in Filipino patients with SLE might influence their disease course, we compared ACR classification criteria and autoantibody positivity between seropositive patients and seronegative patients. In this cohort of patients with SLE, EBV-VCA seropositivity and CMV seropositivity showed no association with the total number of positive ACR criteria, the presence of individual ACR criteria or the total number of positive autoantibodies detected in a multiplexed bead-based assay (p>0.05; see online supplementary tables 1-3).
HSV-1 and HSV-2 seropositivity showed limited associations with clinical features of SLE. Patients seropositive for HSV-1 met significantly more ACR criteria than HSV-1 seronegative patients (6 vs 5; p<0.05; see online supplementary table 1). Compared with HSV-1 negative patients, HSV-1 positive patients also had more lupus-associated autoantibodies (median of 6 vs 3; p<0.05; see online supplementary table 3), with significantly increased prevalence of anti-dsDNA and anti-La/SSB ( figure 3A) .
Similarly, HSV-2 + patients met significantly more ACR criteria compared with HSV-2 − patients (6 vs 5; p<0.01; see online supplementary table 1), and were more likely to meet the ACR immunologic criterion (OR 3.08 (95% CI 1.52, 6.2); adjusted p=0.03; see online supplementary table 2). HSV-2 + patients had a median of 6 positive autoantibodies, compared with 4 for HSV-2 − patients (p<0.05; see online supplementary table 3), with significantly higher prevalence of dsDNA, chromatin, ribosomal P and Sm specificities (figure 3B). Together, these results suggest that HSV-1 and HSV-2 infections are associated with the acquisition of lupus-associated autoantibodies. 
Epidemiology and outcomes
Filipino patients with sle have higher rates of ebV-eA seropositivity compared with Fdrs or controls While the seroprevalence of EBV-VCA was only marginally higher in Filipino patients with SLE compared with controls, patients with SLE had a dramatically higher rate of seropositivity for anti-EBV-EA, a marker for viral reactivation, compared with FDRs (OR 12.04 (95% CI 7.42, 20.74), p<0.001) or unrelated controls (OR 17.1 (95% CI 10.1, 30.6), p<0.001; figure 4A ). In addition, the concentration of anti-EBV-EA antibodies was significantly higher in patients with SLE compared with FDRs or controls (figure 4B). Therefore, despite the similar prevalence of original EBV infection in Filipino patients with SLE, FDRs and healthy controls, EBV reactivation may be more common in patients with SLE. 43 EBV-EA seropositivity was not associated with ACR criteria (see online supplementary tables 1 and 2), but strongly correlated with the presence of several lupus-associated autoantibodies in patients with SLE. EBV-EA − patients with SLE had a median of 0 positive autoantibodies, compared with 6 in EBV-EA + patients with SLE (p<0.001; see online supplementary table 3). The rates of positivity for antibodies against 60 kD Ro/SSA (adjusted p<0.05), Sm (adjusted p<0.01), SmRNP (adjusted p<0.01) and RNP A (adjusted p<0.01) were more than fivefold higher in EBV-EA + patients with SLE compared with EBV-EA − patients with SLE, and the rates of positivity for anti-dsDNA (adjusted p<0.001), antichromatin (adjusted p<0.001) and antiribosomal P (adjusted p<0.05) were also significantly increased in EBV-EA + patients compared with EBV-EA − patients (figure 4C).
sera of Filipino patients with sle show altered reactivity against ebnA-1 Because EBNA-1 antibody responses have previously been associated with the development of lupus autoantibodies, we evaluated the anti-EBNA-1 response in Filipino patients with SLE. Anti-EBNA-1 seropositivity and serum concentrations were similar between patients with SLE, FDRs and controls ( figure 5A,B) . Epitope mapping showed similarities and differences in the specificity of the anti-EBNA-1 response between Filipino patients with SLE (figure 5C), FDRs ( figure 5D ) and unrelated healthy controls (figure 5E) with high serum reactivity against EBNA-1 (n=5 each). Sera from patients with SLE, FDRs and controls recognised several of the same EBNA-1 epitopes, with notable binding of the highly
Lupus Science & Medicine repetitive glycine and alanine domain (figure 5C,D; peptides 90-328). In this analysis, the sera of patients with SLE did not show increased binding to the two GAGG-GAG-containing peptides compared with FDRs or healthy controls (peptides 311-312; recognised by one patient with SLE, two FDRs and three healthy controls).
An epitope spanning EBNA-1 410-420 (peptides 410-413; GEADYFEYHQE) was identified in patients with SLE ( figure 5C,D dIscussIon Herpes viruses, particularly EBV, are associated with various aspects of SLE aetiology and pathogenesis, yet this is the first study of the relationship between herpes viruses and SLE in the Filipino population. Seropositivity rates and concentrations of antiviral antibodies in patients with SLE, FDRs and unrelated controls, along with a broad analysis of autoantibodies associated with herpes virus seropositivity, suggest that EBV reactivation and exposure to other herpes viruses may influence SLE development in the Filipino population.
More than 95% of Filipino patients with SLE, FDRs and controls in this cohort are seropositive for anti-EBV-VCA, while previous results show an EBV seroprevalence of 82%. 44 However, only patients with SLE demonstrate a dramatically increased seroprevalence and higher concentrations of anti-EBV-EA, suggestive of increased EBV reactivation. This is consistent with the decreased EBV-specific cytotoxic T cell responses 45 46 and reduced control of viral replication in patients with SLE. 28 47 Therefore, intrinsic immune differences may contribute to increased EBV reactivation in patients with SLE. In addition, previous studies have shown that anti-EBV-EA responses are common in patients with SLE 26 27 48 and have broader specificity in patients with SLE than in patients with mixed connective tissue disease. 49 In the current cohort, patients with SLE who are seropositive for EBV-EA have increased prevalence of several lupus-associated autoantibodies, including anti-dsDNA, anti-Ro, anti-Sm and anti-SmRNP. Each of these autoantibody specificities has previously been associated with increased type I interferon activity. [50] [51] [52] Similarly, anti-EBV-EA responses in patients with SLE were recently correlated with autoantibodies against extractable nuclear antigens and with plasma galectin-3 binding protein, a marker of type I interferon responses. 53 In addition to stimulating type I interferon that may support autoantibody production, 54 55 EBV infection increases exposure to potentially cross-reactive viral antigens, such as EBNA-1. 14 38 56 The specificity of the EBNA-1 response in Filipino patients with SLE showed similarities and differences to those of FDRs and controls. Overall, the EBNA-1 response was more focused in Filipino adult patients with SLE compared with a previous US-based cohort of paediatric patients with SLE, while Filipino FDRs and EBV-positive controls had more diverse EBNA-1 responses compared with a US-based cohort of unrelated paediatric controls. 38 In addition, these sera of Filipino patients with SLE recognised an epitope that has not been reported in patients with SLE (EBNA-1 410-420 ; GEADYFEYHQE). Together, these lines of evidence suggest that EBV may contribute to SLE pathogenesis in the Filipino population, although the mechanisms of this association may vary depending on genetics, epigenetic factors, unique environmental influences or other factors.
Like EBV-EA seropositivity, HSV-1 and HSV-2 seropositivities are associated with an increase in lupus-associated autoantibodies in Filipino patients with SLE. The seroprevalence of HSV-2 among controls in this study is higher than the seroprevalence of 9.2% previously reported for middle-aged Filipino women, 57 potentially due to the smaller number of individuals studied here or differences in the assays used. Nonetheless, patients with SLE have increased seroprevalence of HSV-2 and concentrations of anti-HSV-1 and anti-HSV-2 compared with FDRs or controls, suggesting a correlation between SLE and HSV-1/2 infection in the Filipino population. It is possible that lupus increases susceptibility to HSV-1/2 infection, given that HSV-1 and HSV-2 seropositivities were enriched in patients with more ACR criteria and more autoantibodies. This is also consistent with the association between HSV-2 and the ACR immunologic criterion. However, additional studies are needed to address this question in more depth.
Despite similar rates of anti-CMV seropositivity, anti-CMV concentrations are significantly higher in patients with SLE compared with FDRs, consistent with previous studies in Chinese patients with SLE. 29 30 Therefore, SLE in the Filipino population may be associated with altered humoral responses to HSV-1 and CMV, rather than infection per se. Anti-CMV has been associated with anti-Sm and anti-RNP in patients with SLE, 58 yet CMV seropositivity is not associated with an increase in anti-Sm, anti-RNP or total positive autoantibodies among patients with SLE in this cohort (data not shown). It is unclear if the altered humoral responses to CMV contribute to disease in patients with SLE, or if these differences are simply a result of general immune dysregulation. However, immunisation with CMV proteins has been shown to exacerbate humoral autoimmunity and renal disease in a lupus-prone mouse model. 30 Based on study design and sample availability, weaknesses are present in this study. The only available unrelated controls were from medical personnel rather than unrelated healthy friends or household contacts of patients with SLE, which may skew infection exposures. In addition, the average age of FDRs was higher than the average age of patients with SLE or controls because the FDRs included both siblings and parents of patients with SLE. Because the seroprevalences of many viruses increase with age, it is possible that this may obscure differences between patients with SLE and FDRs or produce artefactual differences between FDRs and controls. However, similar results were obtained for seroprevalence and autoantibody concentrations whether comparing patients with SLE and controls with all FDRs or with siblings only (data not shown). DNA or PBMCs were also not available in this study, thereby limiting the ability to measure expression of lytic viral genes. Finally, future studies would be strengthened by the analysis of gene-environment interactions that may influence the relationship between virus seropositivity, autoantibody positivity and SLE classification.
In conclusion, this study provides the first evidence that EBV, HSV-1 and HSV-2 seroprevalences are associated with SLE classification and lupus-associated autoantibodies in the Filipino population. These results provide a foundation for future studies to delineate the causal and mechanistic relationship between herpes viruses and SLE pathogenesis in the Filipino population.
